Abstract. In the changing market environment, the balance of the assembly line is difficult to maintain long-term stability. Therefore, in practical production, the assembly line needs to be rebalanced frequently. Two-sided assembly line is a type of classic production line and often found in producing large products such as trucks and buses. This paper studies on the multi-objective two-sided assembly line rebalancing (MTALRB) and a push rule-based heuristic (PRH) method is proposed to solve this problem. In the PRH, there are three heuristic modules which are constituted by several heuristic rules for selecting output/input station and removed tasks. Eventually, one of benchmark instances is utilized to test and verify the proposed method.
Introduction
Assembly line is an efficient high-volume production organization form and widely used in the vast majority of industrial manufacturers. According to the layout of the assembly line and the differences of work methods, assembly line can be categorized into one-sided lines and two-sided lines ( Figure  1 ). Assembly line balancing problem (ALBP) is assigning tasks to workstation to optimize one or more objectives with some constraints [1] . Since ALBP was firstly presented and modelled by [1] , many works have been published to treat various versions of the problem [2, 3] . Although ALBP is important, assembly line rebalancing problem (ALRBP) is more suitable to the actual production environment due to the change in product demand and the systems requirement has encouraged companies continuely to seek new technologies or new processes to expand production capacity or extend product line [4] . However, related researches of assembly line rebalancing problems (ALRBPs) are limited. Gamberini et al. [5, 6] proposed a multi-criteria single-pass heuristic algorithm based on TOPSIS to deal with the single-model one-sided ALRBPs. Altemeier et al. [7] utilized an integrated heuristic algorithm to slove the mixed-model one-sided ALRBP. Zha and Yu [8] proposed a hybrid algorithm of ant colony optimization and filtered beam search to solve U-line balancing and rebalancing problem. Celik et al. [9] proposed an ant colony optimization algorithm for U-lines rebalancing problem with stochastic task times. Grangeon et al. [10] proposed a heuristics sequencing approach based on operations' transfer for a vehicle one-sided ALRBP. Yang et al. [11] used a multi-objective genetic algorithm for solving a mixed-model one-sided ALRBP. Makssoud et al. [12] developed an exact algorithm for small-scale one-sided ALRBPs. Sancı and Azizoğlu [13] proposed a mixed integer linear programming-based algorithm and a branch and bound algorithm to solve the small size single-model one-sided ALRBPs. Zhang et al. [14] presented a modified non-dominated sorting genetic algorithm II (MNSGA-II) for a real-life multi-objective two-sided assembly line rebalancing problem (MTALRBP) with modifications of production demand, line's structure and production process. Obviously, there are few work deals with TALRBP.
In this paper, a heuristic method based on three rules modules, which is the guide of tasks' re-movement, is designed to solve the multi-objective two-sided assembly line rebalancing problem (MTALRBP). The objectives are minimizing the cycle time and rebalancing cost (re-movement of tasks). The remainder of this paper is organized as follows. The problem description is proposed in Section 2. The proposed heuristic method is proposed in Section 3 and the numerical example is illustrated in Section 4. Conclusion is presented in Section 5.
Problem Description
Compared with the one-sided assembly lines, Two-sided assembly lines (TALs) have several advantages, e.g., shorten line length, improve resources utilization and reduce material handling, workers movement and set-up time [15] . But at the same time, there are any additional restrictions should be considered in the two-sided assembly line balancing problem (TALBP), which make it difficult. E.g., tasks of TALs have the preferred operation direction (L, R, E), L (R) means the tasks only can be performed at L (R) side, while E means the tasks can be assigned to either side of the line. In addition, there may be unavoidable idle time between tasks that assigned to the same single station in TALs result from the special features of two-sided assembly lines and the precedence relations among tasks [16] .
Given a task pair (i, j) in the TAL, suppose task j is an immediate predecessor of task i and task i is assigned to station p, j is assigned to the companion of p, then task i can only be executed after task j finished. Take P16 [17] (Figure 2 ) as an example, one optimal balancing solution with cycle time of 17 time units is illustrated in Figure 3 . The white rectangles represent tasks, and the numbers, which shown on the above, are the starting and finishing time of a task. Shaded rectangles between two tasks and in the end of the stations indicate the amount of delay time, and shaded rectangles between two tasks are the unavoidable idle time. As shown in Figure 3 , because of the stating time of task 8 is limited by the finishing time of its predecessor (task 7), an unavoidable idle time is occurred on the left station of second workstation. However, two-sided assembly line rebalancing problem (TALRBP) is more complex and difficult than TALBP due to the initial balance is added as the critical constraints. TALRBP can be described as given a set of tasks (M) with deterministic processing times, precedence relations between tasks and preferred operation direction (e.g., left, right or either side), a set of workstations (N), and an initial balanced solution, the aim is to look for a rebalancing algorithm to remove some tasks from their initial positions to some new positions within 2N stations to acquire a better cycle time with possible lowest rebalancing cost. The notations and optimized model used in this paper is the same with those in [18] .
The Proposed Method
Moodie Young (MY) method [19] is one of the classical heuristic algorithm based tasks' move designed for ALBP s. The basic design concept of MY is reducing the cycle time through moving tasks from a high-workload station to a low-workload station, because cycle time is determined by the highest workload of stations. The first step of MY is to select the input station (i.e., the lowest workload station) and then choose the moved task from other (output) stations. It is obvious that this way of moving tasks is guided by demand, i.e., demand-oriented, which is also can be called as pull-based. In this paper, we try using the opposite method, which can be referred to as push-based, to guide tasks' remove to rebalancing the TALs. That is, the output station has to be chosen firstly. The push rule-based heuristic algorithm (PRH) is composed of three modules-output station selection rules, input station selection rules and moved task selection rules.
Considering cycle time is actually decided by the highest completion time of stations, as well as the workload of a station is not always equal to the completion time of a station because there may be unavoidable idle time existed in the TALs, the completion time of stations is used as the judge in our PRH method. The three detailed modules are described as follows. Step 2. Select output station.
(1) The first station in the proposed sequence is considered firstly. (2) If there is no moveable task existed in the first station, or there is no a task's movement lead to the change of cycle time, except the movement between the left and right stations of the same workstation, explore the next station in order until there is a moveable task has been found and the related station is recorded as the output station.
Module B. Input station selection rules. Rule 1: If there is more than one input station can be chosen as for a task, move it to the farthest station, i.e., as close as possible to its immediate successors.
Rule 2: When a task has more than one re-moveable stations, it is preferred to select a level 1 station, and then level 2, the last level 3.
Calculate the ideal cycle time (IC, Rule 3: If there is still more than one input station can be chosen, select the one which own the minimum sum of complete time of stations on the whole assembly line after the movement of this task.
Module C. Moved task selection rules. Rule 1. If there is more than one task can be selected, select the one which makes complete time of output station minimum after its move-out.
Rule2. If there is more than one task can be selected, preferentially select the one whose re-movement is with the least influence on the tasks existed on the output/input station, i.e., its re-movement lead to as little as possible re-movement of other tasks of the output/input station. Rule 3. If there is more than one task can be selected, preferentially select the E type one. Rule 4. If there is more than one task can be selected, select one which owns the larger ID number. In fact, most of the removed tasks can be determinated in the steps of Module B in the small size problems and the rules of Module C usually plays an actual role in the large size problems, especial rules 3 and 4 would only work when solving P205.
Numerical Example
In order to illustrate the steps of the PRH method and show its effectiveness, one of classic small size benchmark problem (P24) [20] is utilized as an example. The initial balancing scheme is got using Hoffman heuristic algorithm [21] . The precedence relationship between tasks in P24 is shown in Figure 5 and one initial balancing scheme with 22 cycle time is demonstrated in Figure 6 (2) 1L, 1R, 2L, 2R have the largest and equal completion time; 3L, 3R have the same completion time; 4L, 4R have the same completion time. Therefore, rank those using NSIT and the result is shown in Table 1 . Table 1 . Stations' rank with NSIT. 1L  1R  2L  2R  3L  3R  4L  4R  NSIT  0  0  8  8  32  32  22  22 (3) The rank according to the workstations' ID is the same with the result shown in Table 1 . (4) According to the rule of "left first and then right", the final sequence of stations is: 2L, 2R, 1L, 1R, 3L, 3R, 4L, 4R.
Station
A-Step 2. Select output station.
(1) Select station 2L firstly, it is observed that the re-movement of tasks 16 and 18 cannot increase the cycle time, therefore, the station 2L is determined as the first output station. The removable range of task 18 is that between its immediate predecessor (task 13) and its immediate successor (task 22). Considering that it is E-type, its removable positions are in front of task 21 on station 4L and the front of task 22 on station 4R. The removable range of task 16 is that between its immediate predecessor (task 11) and its immediate successor (task 21). Considering that it is L-type, its removable position is in front of task 21 on station 4L.
B-Rule1: Because both stations those the task 18 can remove into are on workstation 4, so save both of them firstly. The station that task 16 can remove into is only one, save it.
B-Rule2: The two solutions for task 18 and the selection for task 16 are both belong to Level 1, save all of them.
B-Rule3: As for task 18, the completion time of the whole line after task 18 is removing into the input station in these two solutions respectively are: solution 1: 22+22+15+22+18+18+15+15=147. Solution 2: 22+22 +18+15=77/22+22+15+22+18+18+8+15=140.
As for task 16, the completion time of the whole line after task 16 is removing into the input station is: 22+22+18+17=79/22+22+19+22+18+18+17+8=146.
According to B-Rule3, the solution 2 for task 18 is selected (Figure 4 ), i.e., firstly choose the station 4R as the input station and at the same time, the task 18 is selected as the removed task. The result after this re-movement is shown in Figure 5 . Do the above process to the other workstations successively and the final rebalance solution is showed in Figure 6 and the total rebalancing cost is 13(α, β are assumed be 1 and 2). 
Conclusion
In this paper, the multi-objective two-sided assembly line rebalancing problem (MTALRBP) is described and studied. A push rule-based heuristic is proposed to solve this problem. The aim is to get the trade-off of cycle time and rebalancing cost for the reconstructed Lines. A benchmark problem is utilized as example to demonstrate the procedure and efficiency of the proposed method. In future studies, we would like to develop a new heuristic method or extend the proposed method for application to more practical two-sided assembly line rebalancing problems.
